The research aimed at finding an effect of the type and concentration of lubricating additives on the resistance of a tribosystem to scuffing, seizure and pitting (surface fatigue).
INTRODUCTION
In heavy-loaded, non-conformal (concentrated) contacts of lubricated machine components the dominating forms of wear are scuffing, seizure and pitting (surface fatigue). Scuffing is a form of damage typical of components sliding at high velocities and high loads, e.g. toothed gears, and may lead to seizure. Pitting occurs on components working in a rolling contact, e.g. rolling bearings.
Scuffing, seizure and pitting depend on many various factors. They are: material properties, surface machining, geometry of the tribosystem, working conditions and chemistry of lubricating additives in oils. Among these factors an influence of the chemistry of additives in oils on scuffing, seizure and pitting needs more investigation. This is particularly visible when analyzing an effect of lubricating additives on pitting -published data are often contradictory. The probable reason is that in various labs tests are performed under different test conditions, for different lubricants and tribosystems. So, to compare the results e.g. for pitting, one needed to test oils with lubricating additives of different chemistry using one tribosystem and the same test conditions.
MATERIALS
Lubricating oils of various chemical composition were tested. The base oil was a mineral one (denoted as B1), having the kinematic viscosity of 11 mm 2 s -1 (100ºC). The base oil was blended with commercial packages containing either AW or EP additives. There were two AW packages, denoted as AW1 and AW2, at a concentration of 0.2 and 3% (by weight), and two EP packages denoted as EP1 and EP2, at 1 and 10%.
The AW additives were based on zinc dialkyldithiophosphate (ZDDP); the EP additives contained organic S-P compounds. All of them are used to formulate modern gear oils.
RESEARCH EQUIPMENT
The tribological experiments were performed in two different four-ball testers. One was used to investigate scuffing and seizure at pure sliding friction. The second instrument was used to test pitting at rolling movement.
In the both rigs test balls were chrome alloy bearing steel, with diameter of 12.7 mm. Surface roughness was R a = 0.032 µm and hardness 60 to 65 HRC.
After tribological experiments the worn surface was analyzed using a scanning electron microscope (SEM), energy dispersive spectrometer (EDS), glow discharge optical emission spectrometer (GDOES), and Fourier transform infrared microspectrophotometer (FTIRM).
TEST METHODS
In this work the resistance to scuffing and seizure is characterised by the so-called limiting pressure of seizure (p oz ). This measure is determined according to a test method developed in the Tribology Dept. of ITeE, presented in detail in the literature [1, 2] . The bigger p oz value is, the better is action of the tested lubricant under severe friction conditions which cause scuffing and seizure. For determination of p oz the sliding four-ball tester was used.
The antifatigue properties are characterised by the 10% fatigue life (L 10 ) determined according to IP 300. L 10 represents the life at which 10% of a large number of test balls, lubricated with the tested lubricant, would be expected to have failed. The 10% life was determined using the four-ball rolling testerafter test completion the results were plotted in the Weibull coordinates and then L 10 was read off. Figure 1 presents an effect of the tested oils on the resistance to scuffing and seizure, measured by the limiting pressure of seizure p oz . From Fig. 1 it is apparent that an increase of the content of AW and EP additives leads to an improvement of the resistance to scuffing and seizure, which can be particularly observed for the AW2 and EP2 packages. However EP additives are much more effective in this severe test regime than AW additives, as could be expected. Figure 2 shows the antifatigue properties measured by the 10% fatigue life L 10 .
RESULTS AND DISCUSSION
As can be seen, AW additives -at a very small concentration (0.2%) -are beneficial to the fatigue life (L 10 ). However, increasing the content of such additives may reduce the fatigue life, like in case of AW1 package.
A small concentration of EP additives gives practically no influence on the fatigue life, but their increasing content significantly accelerates fatigue wear (pitting). It can be observed that the surface layer was tribochemically modified by "active" elements coming from lubricating additives, like sulphur, phosphorus or zinc. The character of the change in the concentration of these elements suggests occurrence of tribodiffusion.
CONCLUSIONS
AW and EP additives improve the resistance of the lubricated tribosystem to scuffing and seizure, EP ones being much more effective. Increasing the content of both AW and EP additives in the lubricating oil is very beneficial to scuffing and seizure prevention. However great care must be taken since at higher concentrations the lubricating additives accelerate pitting, particularly EP additives.
